Abstract: Estimation of creep and shrinkage in concrete bridges is still approximate and uncertain. Over the years, Polish Codes for Concrete Structures partially adapted the CEB (Euro-International Concrete Committee)-FIP (International Federation for Prestressing) models used to predict creep and shrinkage of concrete. In the currently used Polish concrete bridge code, modified CEB-FIP 1970 recommendations are used. At the time the standard was implemented, it introduced simple methods for the evaluation of final creep coefficients and shrinkage strains. It was sufficient for simple bridge structures and concrete technology used at that times. As modern bridge structures have become increasingly complex with variable construction techniques and developing concrete technology, the implementation of Eurocode 2 is necessary as it gives more practical and accurate methods for the prediction of creep and shrinkage effects. A comparative analysis of the time-dependent deformation of concrete included in Eurocode 2 and in Polish Bridge Codes is pointing out that there is a necessity for more adequate criteria for the rapidly growing concrete bridge stock in Poland.
Introduction
 Time-dependent parameters of structural concrete such as creep and shrinkage make gradual changes in stresses and strains in reinforced and prestressed concrete structures. In some types of concrete structures, e.g., large bridges and structures constructed in stages, time-dependent stresses and deformations may be a few times higher than those which are instantaneous deformations at the time of loading. Many concrete models have been developed over time to describe the time-dependent behavior of structural concretes which have adapted the changing parameters of concrete mixes as well as contemporary used cements, additives and admixtures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, modelling for creep and shrinkage in concrete bridges is still approximate, due to the great number of both variable and uncertain parameters. Methods for time-dependent analysis given in the literature and codes are sometimes too simplified, leading to misunderstandings in the real-time behavior of concrete structures [6, 11, 12] . Many variable parameters induce significant differences in the deformations estimated, and lead to serviceability problems if they are treated too crudely. As concrete is a continuously developing material, evolution in its properties should be expected with development of concrete technology.
Over the years, Polish Codes for Concrete Structures adapted the CEB (Euro-International Committee for Concrete)-FIP (International Federation Prestressing) prediction models in the creep and shrinkage of concrete [1, [13] [14] [15] become increasingly complex using modern execution techniques, i.e., cantilever, incremental launching or span-by-span construction. It requires more sophisticated methods of time-dependent analysis, taking into account the varying concrete properties along the length and the long-term distribution of forces and stresses [3, 8, 9, 20] . Methods for the evaluation of deformational parameters adapted in the Polish Bridge Code (PN-S-10042) for the designing of concrete structures and Eurocode 2 are presented. The progressively evolving CEB-FIP models and their implementation in Eurocode 2 now give a practical and accurate method for the prediction of creep and shrinkage effects. As more precise approach, it should be implemented for the rapidly growing bridge stock in Poland.
Creep and Shrinkage of Concrete
Concrete structures response to load is both immediate and time-dependent. Generally, at constant temperature, the total concrete strain at time t,  c (t) is expressed as the sum of the instantaneous strain  ci (t), creep strain  cc (t) and shrinkage strain  cs (t):
Final creep strain  cc (∞, t 0 ) of concrete at time t = ∞ due to the constant compressive stress of  c applied at concrete age of t 0 is calculated as:
where, (∞, t 0 ) is the final creep coefficient and E c is the tangent modulus. Creep coefficient is usually determined in codes as a function of several parameters such as ambient humidity, composition of the concrete mix and dimensions of member. When a structure requires more detailed time-dependent analyses, the total stress-produced strain is calculated using creep function J(t, t 0 ).
Final shrinkage strain  cs,∞ is subdivided into drying shrinkage  cd,∞ which begins at the age of concrete t s (the start of drying) and autogenous shrinkage  ca (∞) [ The estimation of creep and shrinkage in concrete requires the adaption of reliable prediction models which realistically describe the behavior of a concrete structure over time. Creep is produced by permanent load, while shrinkage is independent of loads. Creep and shrinkage may cause excessive deflection, deformation and problems with serviceability. Their influence is higher for prestressed than for reinforced concrete structures. Creep and shrinkage are responsible for losses in prestressed forces and the shortening of prestressed members. Assessment of creep and shrinkage is important in concrete's serviceability limit which is leading to the design of prestressed concrete elements. Restraint in shrinkage may result in cracking developing over time. Simplified methods for the determination of creep and shrinkage are useful in designing simple concrete structures where the influence of concrete deformability on resistance and service is of less importance. However, the design or verification of a structure vulnerable to time-dependent deformation requires the adaption of analysis which takes into account the change in strains over time.
The reliable prediction of time-dependent effects in concrete structures should take into account the In cases where the influence of the concrete mixture or limited time t must be taken into account, the coefficients k b and k t are used, respectively. Coefficient k b is described by the w/c (water/cement) ratio and cement content c (kg/m 3 ). Coefficient k t describes the dependence of creep or shrinkage versus the age of concrete at the moment considered t and nominal size h 0 , for creep t = t 0 and for shrinkage t = t s . Additionally, in the estimation of shrinkage strain, the coefficient k  may be used to take into consideration the amount of reinforcement A s and prestressing A p .
Creep and Shrinkage in Eurocode 2 (EC2)
Eurocode 2 (EN 1992-1-1) describes two methods for the estimation of creep and shrinkage. A simplified method may be adapted when great accuracy in the estimation of time-dependent deformations is not required. Thus, the final creep coefficient may be extrapolated from graphs for different strength classes of concrete, different humidity, nominal sizes and types of cements. In EC2-1-1 [2] , Annex B basic equations for determining creep coefficients and drying shrinkage strain development over time are presented. These should be used for numerical calculations when a development over time is required. The equations use the mean compressive strength f cm instead of the concrete class. The other initial parameters are the same like in the Polish code, i.e., ambient humidity, notional size, class of cement, time of loading or time of commencement of the drying shrinkage.
Comparison of Codes for Creep and Shrinkage
The codes, like many concrete standards and design guides, classify concrete according to its compressive (Fig. 1 ) and creep functions (Fig. 2) are employed. In both comparisons, creep values are much higher for Eurocode 2. The shrinkage strains are compared in Fig. 3 for the same concrete and environmental parameters and at the time of the start of drying t s = 7 days and 28 days. It is characteristic for the shrinkage strain estimated according to Eurocode 2 that its final value does not depend on the time of the start of drying ( Table 1) .
The shrinkage values are also much higher for Eurocode 2. As for normal strength concrete, the magnitude of autogenous shrinkage is of a small value in Eurocode 2 and it is neglected in the Polish Bridge Standard.
The final creep coefficients (∞, t 0 ) for the Polish Bridge Code (PN-S) and Eurocode 2 are compared in induced cracking and shortening of members [10] . 
Conclusions
The basic parameters for estimating creep and shrinkage in concrete according to the Polish Bridge Standard and Eurocode 2 are presented. The Polish Bridge Standard gives a highly simplified description of the time-dependent deformation of concrete in the form of final values for creep coefficients and shrinkage strains for ordinary concrete under typical construction conditions. Such a simplified procedure allows for the easy calculation of final values for creep and shrinkage strains in simple reinforced or prestressed concrete structures which in the main had been used for bridge structures. The values are given only for ordinary concrete in normal technological conditions. The introduction of higher strengths of concrete in bridge engineering, the development of prestressed concrete structures and sophisticated methods for concrete bridge construction also require more accurate analyses taking into account the actual time-dependent behavior of concrete. In Eurocode 2 [2, 3] , along with simplified rules for estimating the final values of creep and shrinkage, more accurate methods are given. For bridge structures, in special cases, the estimation of time-dependent properties on short-term testing is recommended in EC2-2 (for bridges) [3] . EC2-2 also gives basic recommendations for the rheological analyses of time-dependent effects and their applications to concrete bridge structures.
Direct comparison of creep and shrinkage in concrete according to the Polish Bridge Code and Eurocode 2 is difficult because of various initial parameters and different accuracy. Approximate estimation for creep and shrinkage in concrete for ordinary concrete with a typical concrete mixture is presented in the paper. The final creep coefficient values along with shrinkage strains are compared. Changes in their values versus time are presented. Time dependent creep functions versus time are also compared. Generally, Eurocode 2 gives higher values for creep and shrinkage in concrete but simultaneously it introduces more accurate procedures for the estimation of creep and shrinkage. These allow for a more rational prediction of the time-dependent behavior of concrete and concrete bridges so that these structures could be more durable and safer.
